I.
Introduction
The use of charge-coupled devices (CCD's) as analog shift registers, optical imagers, and high density memories has been successfully demonstrated during the past ten years. CCD's are capable of very low noise operation (a S/N ratio of 1:1 with 10 electrons per pixel has been demonstrated U) and as imagers afford high resolution and precise image geometry and stability.
The signal charge can be electrically injected into the device via an input structure, can be generated internally by photoelectric processes or, as we shall show, can result from the creation of electron-hole pairs by energetic charged particles.
Basically a CCD is a metal-oxide-semiconductor (MOS) structure forming an array of capacitors. The MOS capacitors are capable of collecting and storing in discrete packets (buckets) charge that has been "injected" into the device by one or more of the mechanisms described above. If the capacitors are packed closely together, charge stored in a particular capacitor (pixel) can be transferred to an adjacent pixel by applying clocking voltages to transfer electrodes. In this fashion charge collected at any one pixel may be moved to an output structure on the CCD device and an analog signal proportional to the charge stored at that site may be obtained. For a complete discussion of the CCD concept and device implementation we refer the reader to the literature. 2 ' 3 -1-
II.

A CCD Area Array Detector
It has already been reported45 that cooled optical CCD's are sensitive to the passage of charged particles. In fact in long exposures for some optical astronomy observations cosmic rays present a significant background problem. If we assume that a minimum ionizing particle penetrates a CCD, the amount of charge collected within the depletion region (typically 10 microns) is: 
Sr 9° Exposure
The CCD was mounted in a cryostat ( Figure 4 ) and operated at temperatures between 145 0 -210 0 K. The 202 was then exposed to a Sr 9° source and read out continuously at the 100 kHz pixel rate. Figure 5 shows the CCD output displayed on a video monitor showing single hits due to beta's from the Sr 90 source. Each dot in Figure 5 represents a single pixel with a spatial resolution of 30 pm x 40 pm. The CCD output was also sent to a multichannel analyzer in order to obtain the pulse height spectrum from the CCD. Figure 6 shows the pulse height spectrum obtained from a 2 hour Sr 9° exposure. The 202 has a depletion depth of 7 pm ± 1 pm; therefore, for a minimum ionizing particle we would expect approximately 700 electrons. From The CCD efficiency number was limited by the relatively high noise value we obtained for this chip which was due in part to 511 our clock driver electronics and in part to a relatively high noise value for the particular 202 chip we were using. An optical system using a 202 CCD has reported 7 a noise figure of 30 electrons and we believe this number is more indicative of the noise characteristics that are obtainable with the 202.
B. Limitations and Conclusions
Although our detection efficiency was limited to 60%, we do not believe that this is a basic limitation of CCD devices in general or of the 202 in particular. With low noise driving electronics we believe that nearly 100% detection efficiency for minimum ionizing particles is possible with a number of commercially available optical CCD's. However, due to the fact that not all the area of a typical CCD chip is sensitive (due to bonding pads etc.), the overall detection efficiency will be limited by the chip geometry if the entire physical area of the CCD chip is considered. -4-Our general conclusion is that emerging commercial CCD technology is producing devices that will be able to detect minimum ionizing particles with nearly 100% efficiency within the chips active area. In addition, the radiation hardness of some of these devices appears to make them useful as detectors for High Energy Physics Experiments. These devices present great promise as high resolution vertex detectors in experiments where the cross 41 sectional area of the CCD system does not have to be excessively large. 
